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Roadway complexitya b s t r a c t
As roadway systems become more complex, with increased visual clutter, new automation
technologies, and mixed modes of transportation, it is increasingly important to under-
stand the effects of roadside distractors on driver performance. While driver distraction
negatively impacts driver performance and crash rates for all drivers, it is especially impor-
tant for vulnerable road users who may have an increased risk of distraction. This research
was aimed at identifying the influence of roadside distractors on the performance of dri-
vers with and without attention deficit tendencies, and it used a driving simulator to obtain
performance metrics in the vicinity of distractors. Overall, the study found that roadside
events have statistically significant effects on variability of lane position and speed, and
drivers with attention deficit tendencies displayed more lane position variability than con-
trol group drivers for all roadway segments examined. Of the distractors tested, billboards
and work zones were shown to have the most significant impacts on driver inattention, as
evidenced by decreased detection time margins and error rates, respectively. This study is
one of the first to examine the effects of roadside distractors on drivers with and without
attention deficit disorders, and the results lend insight to the effects that external distrac-
tions can have on driver performance.
 2018 Elsevier Ltd. All rights reserved.1. Introduction
Driver distraction is known to have detrimental impacts on driver performance, with recent statistics from the National
Highway Traffic Safety Administration (NHTSA) indicating that 10 percent of fatal crashes (3179 fatalities) and 18 percent of
injury crashes (431,000 injured) were ‘‘distraction-affected” in 2014 (National Center for Statistics, 2014). A significant por-
tion of distracted driving is considered voluntary (Beanland, Fitzharris, Young, & Lenné, 2013), and is related to in-vehicle
driving distractions such as mobile phones (Beanland et al., 2013; National Center for Statistics & Analysis, 2014; Wilson
& Stimpson, 2010). However, there exist involuntary (Regan, Hallett, & Gordon, 2011) distractions as well, some of which
may be attributable to attention deficit disorders (diagnosed and undiagnosed) that can increase the frequency and risk
of distracted driving (National Resource Center on ADHD, 2016). Additionally, while there has been less research on external
(i.e., outside-of-vehicle) driving distractions relative to in-vehicle distractions, roadway environment factors and distractorsstate.edu
r).
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Simoneau, & Teasdale, 2009; Edquist, Horberry, Hosking, & Johnston, 2011; Edquist, Rudin-Brown, & Lenné, 2012; Kaber,
Zhang, Jin, Mosaly, & Garner, 2012; Milloy & Caird, 2011; Schiessl, 2008; Stinchcombe & Gagnon, 2010; Teh, Jamson,
Carsten, & Jamson, 2014; Young et al., 2009) and crash data (Abdel-Aty, Keller, & Brady, 2005; Abdel-Aty & Radwan,
2000; Neale, Dingus, Klauer, Sudweeks, & Goodman, 2005; Stutts, Knipling, Pefer, Neuman, & Slack, 2005; Stutts, Reinfurt,
Staplin, & Rodgman, 2001). As such, the goal for this research was to investigate the effects of roadside distractors on per-
formance of drivers with and without attention deficit tendencies.
To achieve this goal, the researchers used a driving simulator experiment to obtain performance metrics in the vicinity of
several roadside distractors. Participants were asked to indicate when they observed a diamond pavement marking in the
driving lane as they drove through a simulated environment. Distractors were placed on the shoulder or side of the roadway
without interfering with traffic flow near the diamond to allow researchers to observe and identify cases where the partic-
ipant missed or delayed reporting a diamond pavement marking or exhibited associated changes in speed and lane position
due to an attention shift away from the roadway. The authors hypothesized that there would be significant differences
between the attention deficit tendency and control group participants across roadway conditions, as well as significant dif-
ferences in driving performance between the events’ roadway segments and segments where no events occurred. Some
interaction effects between the roadway distractor types and attention deficit tendency group membership were also
expected. Additional details and reasoning for these hypotheses are discussed later in the paper.
2. Background
The existing literature shows evidence of impacts on driver performance due to roadway environment factors and dis-
tractors, and also due to attention-deficit/hyperactivity disorders (ADHD). The research team did not find any prior exami-
nation of the combined effects of both external driving distractions and attention deficit disorders. Based on consideration of
these prior studies, the team developed a simulator scenario that best fit the research needs in this area.
2.1. Impacts of roadway environment factors and distractors on driver performance
Crash analysis studies have cited external distractors as a contributing factor in 23 to 29 percent of distraction-related
crashes (Stutts et al., 2001, 2005), and have found that such distractors significantly increase the odds of crash occurrence
(Neale et al., 2005). Correspondingly, the existing literature suggests that roadway environment factors such as billboards
(Edquist et al., 2011; Milloy & Caird, 2011; Wallace, 2003; Young et al., 2009), urban/rural environments (Edquist et al.,
2012; Kaber et al., 2012; Stinchcombe & Gagnon, 2010), intersections (Cantin et al., 2009; Hadi, Aruldhas, Chow, &
Wattleworth, 1995; Stinchcombe & Gagnon, 2010), and increased traffic density (Abdel-Aty & Radwan, 2000; Abdel-Aty
et al., 2005; Hadi et al., 1995; Karlaftis & Golias, 2002; Milton & Mannering, 1998; Schiessl, 2008; Stinchcombe & Gagnon,
2010; Teh et al., 2014), affect driver performance and/or crash rates. As such, the distractors in this experiment—billboard,
work zone, accident scene, and police cars—were selected based on findings from the literature. Specifically, prior simulator
studies have found that billboards adversely affect lateral control and workload (Milloy & Caird, 2011; Young et al., 2009),
while increasing reaction time and redirecting vision away from the roadway (Edquist et al., 2011; Milloy & Caird, 2011;
Young et al., 2009). The presence of work zones has been shown to significantly increase the rate of crashes (Ozturk,
Ozbay, & Yang, 2014; Ullman, Finley, Bryden, Srinivasan, & Council, 2008), with some evidence to suggest that driver distrac-
tion is a contributing factor to this increased risk (Ullman et al., 2008). Finally, although prior simulator studies are not
known to have explicitly examined the effects of roadside accidents, police cars, and other emergency vehicles on driver dis-
traction, these events have been examined in crash studies, all of which report negative effects of external distractions on
driver performance (National Center for Statistics & Analysis, 2014; Neale et al., 2005; Stutts et al., 2001, 2005).
2.2. Impacts of attention-deficit/hyperactivity disorders on driver performance
Attention-deficit/hyperactivity disorder is a neurodevelopmental disorder that affects an estimated 11 percent of children
between the ages of 4 and 17 (Centers for Disease Control & Atlanta, 2016). With high rates of persistence into adulthood,
approximately 4 percent of the adult population (8 million adults) are estimated to have ADHD (Anxiety, 2016), an estimate
that is on the rise as the rate of ADHD diagnoses in children increases (Getahun et al., 2013). There are three subtypes of
ADHD: (1) predominantly inattentive, (2) predominantly hyperactive-impulsive, and (3) a combination of those two sub-
types (ADHD-C). All three types are associated with symptoms of inattention and impulsivity (Centers for Disease Control
& Prevention, 2016), traits that have been shown to negatively impact driver performance (Barkley, 2004; Biederman
et al., 2006; Cox, Madaan, & Cox, 2011; Fischer, Barkley, Smallish, & Fletcher, 2007; Jerome, Habinski, & Segal, 2006;
Reimer et al., 2005; Rosenbloom & Wultz, 2011). A significant body of literature has found increased rates of car crashes
(Barkley, Guevremont, Anastopoulos, DuPaul, & Shelton, 1993; Barkley, Murphy, Dupaul, & Bush, 2002; Biederman et al.,
2006; Jerome et al., 2006; Reimer, D’Ambrosio, Coughlin, Fried, & Biederman, 2007; Vaa, 2014; Weiss, Hechtman,
Perlman, Hopkins, & Wener, 1979), speeding violations (Barkley et al., 1993, 2002; Jerome et al., 2006; Vaa, 2014; Weiss
et al., 1979), and license revocations/suspensions (Barkley et al., 1993, 2002; Jerome et al., 2006; Weiss et al., 1979) for
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Drivers with ADHD are at an increased risk for multiple collisions and violations, and have greater tendencies to be at fault in
a collision (Aduen, Kofler, Cox, Sarver, & Lunsford, 2015).
A series of driving simulator laboratory studies has explored the effects of attention deficit disorders on driver perfor-
mance. Many of those studies report varied results for reasons including, among other factors, differences in defining ADHD
status and differences in experimental design. Given that ADHD is a disorder usually diagnosed in childhood, a majority of
the literature focuses on the effects of ADHD on distracted driving in teenaged drivers, with many studies examining the
effects of various in-vehicle visual (i.e., texting) and cognitive (i.e., interactive phone conversation) tasks on driver perfor-
mance. Stavrinos et al. found that drivers (aged 16–18) with ADHD-C took less time to complete scenarios while texting,
and attributed this to reduced compensation (i.e., speed reduction) during distraction; however, the study did not find sig-
nificant differences for lane position and speed variability metrics between ADHD and control group drivers (Stavrinos et al.,
2015). In contrast, Narad et al. reported increased variability in speed and lane position for adolescents (aged 16–17) with
ADHD (Narad et al., 2013), and Fischer et al. found that drivers (aged 19–25) with ADHD had increased crashes and steering
variability compared to control group drivers during a simulated drive (Fischer et al., 2007).
A dual simulator and self-report study by Reimer et al. found that drivers (aged 16–55, Mean Age: 29.5) with ADHD have
higher rates of collision in low-stimulus environments such as highways, and also become fatigued more quickly than con-
trol group drivers (Reimer et al., 2007). This finding was corroborated in a later study, also by Reimer et al., which found that
driver performance for ADHD drivers (aged 17–24) decreased during a secondary continuous performance task on a mono-
tonous freeway, again suggesting that ADHD drivers may have more difficulty in assigning attention during low-stimuli driv-
ing conditions (Reimer, Mehler, D’Ambrosio, & Fried, 2010). Based on these findings, this experiment was set within a rural,
monotonous two-lane roadway as detailed below.
3. Method
This experiment was conducted using the National Advanced Driving Simulator (NADS) miniSimTM, a low-to-medium fide-
lity, fixed-base driving simulator with a 135 field of view (see Fig. 1). Participants were recruited from a mid-sized public
university in the southeastern United States, and Institutional Review Board (IRB) approval was obtained prior to
implementation.
3.1. Overview of experiment
Participants attended one training session followed by multiple data collection sessions that occurred on different days.
Only data from the first non-training session are reported here.
3.1.1. Experiment sessions
Experiment procedures during the training session included an instructional period, informed consent procedure, near-
and far-range eye exam, color-deficiency test, demographic survey, Simulator Sickness Questionnaire (SSQ) accompanied by
a 15-min simulator training drive, and administration of the Test Of Variables of Attention (T.O.V.A.). The T.O.V.A., a
computer-based neuropsychological continuous performance test, measures attention and impulse control, and has been
used in research and clinical settings since 1966 (Leark, Greenberg, Kindschi, Dupuy, & Hughes, 2007). The clinical version
of the visual T.O.V.A. was used to obtain a reading of ‘Normal’ or ‘Not Within Normal Limits’ for each participant. TheseFig. 1. National Advanced Driving Simulator (NADS) miniSimTM used in Experiment.
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ticipants with ‘Normal’ T.O.V.A. scores (the control group). Because this test is not recommended for use as a sole diagnostic
tool, the results are treated as suggestive of attention deficit tendencies for the purposes of this research study.
For the data collection session, proctors reviewed the task instructions with the participants, and then administrated a
15-min driving simulator scenario. Participants were given a short, self-timed break, after which they drove through a sec-
ond 15-min scenario.
3.1.2. Simulator scenario design
Five scenarios were developed for this experiment, each containing a series of five events. For each scenario, a simulated
two-directional, two-lane rural roadway segment with no horizontal or vertical curvature was used. The lanes were delin-
eated with white edge lines indicating edge of traveled way and beginning of paved shoulder, and the directions of travel
were separated with a standard broken yellow centerline. There were two versions for each of the five scenarios, one with
a lead vehicle (i.e., a motorcycle) traveling at 60 miles per hour (96.56 km/h) in the participant’s lane, and one with no lead
vehicle. A motorcycle was selected as the lead vehicle to ensure that the participants’ field of view was not obstructed. Cor-
responding scenarios (i.e., with and without lead vehicle) were otherwise identical with respect to event order and position.
There was no ambient traffic, with the exception of the presence of the lead motorcycle in the applicable scenarios. The route
was 15 miles (79,200 feet/24.14 km) in length to allow the participants to drive for approximately 15 min at the requested
speed of 60 miles per hour (96.56 km/h). Of the two randomly selected scenarios that each participant drove during each
data collection session, one contained a lead vehicle while the other did not. In scenarios with a lead vehicle, participants
were instructed to follow at a self-determined reasonable distance. Each participant drove for 5 min (i.e., approximately
5 miles or 8.05 km) at the beginning of the scenario with no events. The training scenario was the same roadway environ-
ment used in the experiment; however, it did not have the events.
3.1.3. Events within simulated scenarios
Each scenario contained the same five events in randomized order and at varied time points, with time between events
ranging from 2 to 3 min after an initial 5-min period (see Table 1). In this experiment, an event was defined as: a roadside
distractor, a diamond pavement marker in the center of the lane (Fig. 2), or both a distractor and a diamond pavement mark-
ing in the same zone. Of the five events, three consisted of a diamond pavement marking accompanied by roadside distrac-
tors, one was a diamond pavement marking unaccompanied by any distractors, and one was a roadside distractor that was
unaccompanied by a diamond pavement marking. The four roadside distractors were: (1) several police cars with flashing
lights, (2) an active work zone, (3) an accident scene, and (4) a billboard with dynamic graphics located on the left side
of the roadway. Appropriate audio effects accompanied the two events with emergency vehicles. With the exception of
the distractor that occurred without a diamond, the pavement markings came into view at proximal locations to the distrac-
tors. Within each session, the order of events within the scenarios was randomized to limit predictability of eventTable 1
Summary of events for sample scenario.
Event No. Events Time relative to start of drive or prior event Diamond pavement marking occurrence
1 Police Cars 5 min ± 30 s }
2 Accident Scene 2.5 min ± 30 s
3 No Distraction 2.5 min ± 30 s }
4 Work Zone 2.5 min ± 30 s }
5 Dynamic Billboard 2.5 min ± 30 s }
Fig. 2. Diamond pavement marking in scenarios.
Fig. 3. Roadside Distractors (Top Left: Construction Work Zone; Top Right: Electronic Billboard; Bottom Left: Police Cars; Bottom Right: Accident Scene).
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seen on HOV freeway lanes in the United States.
Participants were instructed to respond to the pavement markings by depressing a response button on the steering wheel.
There was one lower button on the right and one lower button on the left side of the steering wheel, allowing for equal
accommodation of right- and left-handed drivers. Table 1 summarizes a sample scenario in this experiment. Fig. 3 illustrates
the four roadside distractors from the perspective of the driver. At the end of each session, participants were asked a question
pertaining to one of the events that occurred (e.g., how many cars were pulled over?).
3.2. Participants
This experiment used a convenience sample; participants were recruited via word-of-mouth and flyers and were reim-
bursed with a small cash payment ($10) per session or with extra credit in undergraduate psychology classes in which they
were enrolled at the time of the experiment. There were 46 participants (35 females and 11 males), all of whomwere verified
to have normal or corrected-to-normal vision, as well as at least two years of driving experience. No participants were
excluded due to simulator sickness. The average age of all participants was 20.5 years with 93.5 percent of participants fall-
ing in the 18- to 24-year age range (mean age 19.2, S.D. 1.5). The 36 participants who composed the control group had an
average age of 20.9 years (29 females, 7 males). Of these 36 participants, 3 self-reported being diagnosed as ADHD by a
physician and were on medication at the time of this experiment (mean age 22); these participants had T.O.V.A. scores
within normal limits and were placed in the control group. Although these participants may differ from control participants
not on medication, the sample size did not allow for differentiation between these groups, and T.O.V.A. scores were the sole
method of differentiation between attention deficit and control groups. Future efforts will seek to increase the sample of
participants with self-reported ADHD and who are using medication. For the 10 participants (8 females, 2 males) who
had T.O.V.A. results suggesting attention deficit tendencies, the average age was 18.9 years (S.D. 1.3). None of these 10
participants reported being diagnosed with ADHD or under medication, and group membership occurred only on the basis
of their T.O.V.A. scores. The gender ratios (male: 20%; female: 80%) in the attention deficit and control groups were propor-
tional between groups, although skewed within groups, a limitation of the convenience sample that is acknowledged in
Section 5.
3.3. Data analysis
The measures of analysis used in this experiment were: (1) root mean square deviations (RMSD) of lateral lane position
(also known as the standard deviation of lateral lane position); (2) RMSD of speed (or standard deviation of speed); (3) RMSD
of speed from requested speed of 60 mph (accuracy error); (4) mean speed; (5) identification errors; and (6) detection time
margins (DTM) for the performance task. Detection time margin is the length of time (seconds) between each participant’s
response and the diamond occurrence, and is inversely related to traditional reaction time (i.e., as reaction time decreases,
DTM increases, indicating that the participant identified the diamond farther in advance). Mixed-model analyses of variance
(ANOVA) with attention deficit group membership as the between-subject factor, and condition (i.e., event versus non-event
segments) as the within-subject factor were used to analyze the speed, lane, and detection time metrics obtained (Table 2).
Additional mixed-model ANOVAs, with the same between-subject factor but with event type (i.e., accident, billboard, no dis-
Table 2
Summary table of performance metrics for event and non-event conditions.































F(1, 44) = 17.05,
p < 0.001
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p = 0.03
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p = 0.02
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F(1, 44) = 1.93,
p = 0.17
F(1, 44) = 0.11,
p = 0.75
F(1, 44) = 5.34,
p = 0.03
Table 3
Summary table of performance metrics for event types (n = 46 for each performance measure unless otherwise noted).
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1 AC: Accident Scene; BD: Billboard; ND: No Distraction; PO: Police; WZ: Work Zone.
2 Greenhouse–Geisser Correction.
3 Accident scene did not have diamond marking, so response was not warranted.
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between the distractor types (Table 3). Gender did not reach significance as a main effect and was not included as a between-
subjects factor in the analysis, an outcome consistent with findings in the literature (Reimer et al., 2010). The Greenhouse–
Geisser correction was used when assumptions of sphericity were violated, and Bonferroni adjustments were used for post
hoc pairwise comparisons. There were some outliers present in the data, but these were not removed unless a systematic
problem could be identified with the data or participant; this approach resulted in one participant (female) being removed
from the response accuracy and detection time analyses due to behavior that indicated misunderstanding of the instructions
(i.e., responded to distractors rather than the diamonds). All statistical analyses were executed in IBM SPSS Statistics 22.
All assumptions were also examined in SPSS, and deemed satisfactory for the purposes of this analysis based on statistical
conventions, as well as what has been expected/observed in the driving simulator literature.
Performancemeasures associatedwith the five roadway events were taken over 1.25-mile (2 km) lengths of the roadway
(i.e., 0.625 miles or 1 km preceding and following the events), and the non-event sections were aggregated over the lengths
of roadway between the 1.25-mile event segments. Non-event segment lengths varied due to the aforementioned random
variation in placement of the events across the five unique scenarios. The final event (Event 5) was removed from all analyses,
with the exception of the response accuracy and detection timemeasures, to account for confounding speed and lane behavior
that may have been associated with the impending end of scenario. The data from the two scenarios with and without lead
vehicles were aggregated, as paired t-tests indicated no significant differences between these scenarios for the lane position,
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vehicle and one without the lead vehicle in each session; the order of these were counterbalanced across participants.
In the literature synthesized in Section 2, both roadside distractors and attention deficit disorders were seen to separately
affect various driver performance metrics, particularly in monotonous environments such as the one examined here. As such,
for the first group of ANOVAs executed (Table 2) the research team hypothesized that results from this experiment would
find significant differences for the main effects of treatment group, condition (i.e., event/non-event segments), and the inter-
action between these main effects for all performance measures examined in this experiment. For the ANOVAs summarized
in Table 3, the team hypothesized that there would be no significant differences for the main effect of distractor types, but
predicted that the main effect of group membership and the interaction effect between these distractor types and group
membership would be significant across measures.
4. Results
Descriptive summaries of the performance measures, and results from the statistical analyses are presented in Tables 2
and 3 (See Tables 5 and 6 in Appendix A for SI unit equivalents of Tables 2 and 3). Identification errors for the simulator per-
formance task are shown in Table 4.
4.1. Analysis of driver performance metrics for event and non-event segments
Amain effect of condition (i.e., event versus non-event segments) was found for the RMSD of lateral lane position (F[1, 44]
= 17.05, p < 0.001), with post hoc pairwise comparisons (i.e., Bonferroni corrected a = 0.025) showing that the event seg-
ments of the drive had statistically significant larger standard deviations than the non-event segments of the drive. Group
membership also was found to be a main effect on RMSD of lateral lane position (F[1, 44] = 5.38, p = 0.03), with drivers in the
attention deficit group having statistically significant larger variability of lane position than drivers in the control group.
There were also main effects of condition for the RMSD of speed (F[1, 44] = 8.19, p = 0.006), as well as for the RMSD of
speed from 60 mph (F[1, 44] = 6.3, p = 0.02). Again, pairwise comparisons indicated the event segments had statistically sig-
nificant higher deviations for both of the speed fluctuation metrics relative to the non-event segments of the drive. Although
group membership did not have statistically significant effects on the RMSD measures of speed, examination of Table 2
shows that drivers in the attention deficit group did have increased speed fluctuations for both the event and non-event con-
ditions, though the absolute magnitude of these impacts is small.
Finally, the results showed a statistically significant two-way interaction between group membership and condition for
mean speed, (F[1, 44] = 5.34, p = 0.03), which was driven by the fact that drivers with attention deficit tendencies had
increased speeds in the non-event portions of the drive relative to the event portions, a trend that was reversed for the con-
trol group drivers. This effect has low significance (p = 0.03), and as such this particular result should be interpreted with this
in mind.
4.2. Analysis of driver performance metrics by event types
Results from the second mixed-model ANOVAs indicated a main effect of group membership for the RMSD of lateral lane
position across the five event types (F[1, 44] = 4.71, p = 0.04), with pairwise comparisons (Bonferroni corrected a = 0.025)
finding that drivers in the attention deficit group had greater standard deviations of lane position across event types. Group
membership was not statistically significant for the other performance measures; however, examination of Table 3 reveals
that drivers in the attention deficit group did have increased speed fluctuations across all five events, relative to the control
group.
Although event type was only a marginally significant main effect (F[2.29, 176] = 2.35, p = 0.09), post hoc comparisons
(Bonferroni corrected a = 0.01) found that there was a significant difference in RMSD of lateral lane position between the
work zone and billboard events. Work zone events had statistically significant greater standard deviation of lane position
than the billboard events. There were no other main or interaction effects found across the event type and group member-
ship variables for the speed performance metrics.Table 4
Identification Errors during Performance Task.
Classification No. of participants (no. making errors) Errors Average no. of misses per participant
Control 36 (11) 13* 0.36
T.O.V.A. (Attention Deficit Tendency) 10 (4) 4 0.40
Overall 46 (15) 17 0.37
* One participant made two commission errors at the accident scene, but this participant was removed from analysis because it is believed that the
participant failed to understand the instructions.
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4.3.1. Identification errors
Identification errors are missing responses at locations where a diamond was present and a response was expected (i.e.,
omission error), or responses made where no response was expected (i.e., commission error). Across all participants’ data for
session 1, there was a total of 17 omission errors made out of 460 events (i.e., 46 participants and 10 events). These errors
were committed by approximately one-third of the participants (Table 4). The miss rate per participant was slightly higher
for the attention deficit group (0.40) relative to the control group (0.36) and, similarly, the relative proportion of participants
making an error was 0.40 for the attention deficit group relative to 0.31 for the control group. Of the 17 omission errors, nine
occurred during the work zone event and six occurred during the police event. The remaining two errors occurred during the
no distraction and billboard events.
4.3.2. Detection time margin
As previously mentioned, detection time margin is defined as the length of time (seconds) between each participant’s
response and the diamond occurrence – as reaction time decreases, DTM increases, indicating that the participant identified
the diamond farther in advance. For DTM, event type was a main effect (F[2.35, 65.89] = 5.18, p = 0.006) across participants.
As shown in Table 3, participants in both the control and attention deficit groups responded with the longest DTM (measured
in seconds) to the diamond that occurred in the presence of no distraction, and responded with the shortest DTM for the
diamond occurrence in the vicinity of the billboard. Post hoc pairwise comparisons (Bonferroni corrected a = 0.0125) con-
firmed that the DTM differences between the billboard and no distraction events were statistically significant (p = 0.007).
Similarly, the pairwise comparisons for DTM indicated that the no distraction event had statistically significantly greater
DTM than for the police and work zone events (p = 0.001), meaning that participants responded significantly in advance
of the roadway diamond when a distractor was not present in the environment. Although not statistically significant, par-
ticipants in the attention deficit group also did consistently respond with a shorter DTM relative to the diamond occurrences
than the control group participants, meaning that they had longer reaction times.
5. Discussion
To the authors’ knowledge, this is the first study to examine the effects of roadside distractors on the performance
of drivers with and without attention deficit tendencies (as determined through T.O.V.A.). It is also among a small group
of studies that has systematically examined roadside distractors for the general driving population. Although not all of
the hypotheses made prior to the experiment implementation (see Section 3.3) were supported, there were several
significant differences identified in the performance measures. Primary findings are discussed here, followed by limitations
of this work.
There was a statistically significant main effect of condition (i.e., event versus non-event segments) on RMSD of lane
position, RMSD of speed, and RMSD of speed from 60 mph across both driver groups. This finding indicates that drivers
in this study had more variability in lane position and speed in the presence of roadside events relative to the segments
of roadway without any events. However, the various types of distractors present did not result in any statistically signif-
icant differences in lane position or speed control, with the exception of lane position differences between the work zone
and billboard distractors. There was also an interaction effect of group membership and condition on mean speed
(although the effect was small). Drivers with attention deficit tendencies had higher mean speeds in the non-event seg-
ments of the drive relative to the event portions of the drive, a trend that was reversed for control group drivers. The main
effect of group membership on lane position is consistent with previous literature that reports drivers with attention def-
icit disorders have increased variability in lane position, irrespective of distractions (Narad et al., 2013; Vaa, 2014),
although the cited literature primarily studied in-vehicle distractions. Conversely, group membership was not found to
have significant effects on accuracy (RMSD from 60 mph) or precision errors (RMSD speed) related to speed control in this
experiment. There are differences in findings with regard to speed in the literature, with some studies reporting significant
differences between groups (Narad et al., 2013; Reimer et al., 2010), and others finding no group differences in speed
control (Stavrinos et al., 2015).
Participants were asked to respond to diamond pavement markings that were placed in the vicinity of roadside distrac-
tors in 80 percent of the cases (with the remainder of the pavement markings unaccompanied by distractors). A mixed-
model ANOVA executed on DTM to these pavement markings found that drivers took the longest to respond to the markings
in the vicinity of the billboard, and responded most in advance of the markings that did not have distractors. Analysis of the
identification errors found that 33 percent of drivers (15 out of 46 participants) made a total of 17 omission errors, with 9 of
those errors occurring in the work zone, and 6 errors occurring in the vicinity of the police cars. These findings suggest that
the work zone distractor was the most likely to redirect visual attention away from the roadway for sustained lengths of time
(i.e., a length of time sufficient for missing the marking), while the billboard redirected attention but did not prevent the
participants from scanning the scene with enough time to complete the task. Also of note was the finding of significant
differences in standard deviation of lane position between the billboard and work zone events, with the work zone events
F.A. Shaw et al. / Transportation Research Part F 61 (2019) 141–151 149eliciting significantly higher standard deviations of lane position than the billboard events. No statistically significant effects
of group membership were found for the DTM, although Table 3 does indicate that drivers with attention deficit tendencies
responded when they were much closer to the diamond (i.e., shorter DTM) than drivers in the control group, thus indicating
reduced performance. The identification error rate was only slightly higher (0.40) for the attention deficit group relative to
the control group (0.36).
There are some noted limitations of this experiment. Firstly, the study utilized a driving simulator, which although exten-
sively used for studying driver performance (Mayhew et al., 2011) will always have limitations regarding fidelity of the driv-
ing experience (Greenberg & Bloomer, 2011; Ranney, 2011). Secondly, the share of participants with untreated attention
deficit disorders or tendencies was 21.7 percent of the total participant sample, which, while a common difficulty in studies
relating to such disorders, does limit the generalizability of results. The authors recommend extending this study to a larger
and more varied group of participants. Diagnosis from a medical professional in addition to the T.O.V.A. would help to safe-
guard against errors (such as false positives) from the T.O.V.A., but was not possible outside of a clinical setting/affiliation.
Regardless, the team believes that the T.O.V.A. provided an opportunity to identify participants who have unknown and thus
untreated attention deficit tendencies, which was a benefit to this approach. Another limitation of this study was the conve-
nience sample, which resulted in nonhomogeneous distributions of gender and age; although as discussed in Section 3.3,
gender was not found to be significant as a between-subjects factor in this dataset. Additionally, the opportunity to expand
the research to roadside distractors in varied environments (i.e., urban/rural/freeway) would lend additional insight to this
work, but was prohibitive because of cost, time, and constraints associated with retaining a large group of participants across
a multi-session experiment. Lastly, the authors suggest a field study to validate the current results. Despite the above
limitations, the contribution of this study as one of the first to examine outside-of-the-vehicle distractors on drivers with
attention deficit tendencies is important, and some of the challenges and findings of this study will inform the continued
examination of external factors on driver performance, particularly as roadway systems become increasingly visually
complex.
6. Conclusion
Results from this study further unravel the implications of roadside distractors on driver performance, and can be applied
to inform the analysis of distracted driving crashes. For instance, findings from the study may inform road safety audits and
in-vehicle warning systems, particularly for recurring sites where external distraction has been found to be a contributing
factor to crash rates. Overall, this experiment demonstrated that roadside distractors have statistically significant effects
on lane position variability and speed fluctuations. Moreover, certain roadside distractors (i.e., work zones and billboards)
were found to have a greater impact on driver inattention, evidenced through decreased detection time margins and
increased error rates. Drivers with attention deficit tendencies had statistically significant increases in variability for lane
deviations relative to the control group, and, while not significant, also had reduced performance on the speed fluctuations
and detection time metrics.
Whereas the effects of in-vehicle distractions on driver performance have been extensively studied, this research effort
represents a unique approach to examining the effects of common roadside events on driver performance. The findings lend
insight on the effects of roadside distractors along a monotonous roadway, and suggest that future simulated and field stud-
ies of external distractors on driver behavior and performance are warranted. Efforts should be made to further explore the
practical significance of these results, particularly in relation to safety. Ultimately, it is imperative to continue to study and
understand why errors occur in the roadway environment, as it rapidly transitions into an increasingly dynamic and com-
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Table 5
Summary table of performance metrics for event and non-event conditions (SI Units).
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F(1, 44) = 17.05, p < 0.001 F(1, 44) = 5.38,
p = 0.03











F(1, 44) = 8.19, p = 0.006 F(1, 44) = 1.17,
p = 0.29












F(1, 44) = 6.3, p = 0.02 F(1, 44) = 1.38,
p = 0.25











F(1, 44) = 1.93, p = 0.17 F(1, 44) = 0.11,
p = 0.75
F(1, 44) = 5.34, p = 0.03
Table 6
Summary table of performance metrics for event types (n = 46 for each performance measure unless otherwise noted) (SI units).
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= 0.11, p = 0.92
1 AC: Accident Scene; BD: Billboard; ND: No Distraction; PO: Police; WZ: Work Zone.
2 Greenhouse–Geisser Correction.
3 Accident scene did not have diamond marking, so response was not warranted.
150 F.A. Shaw et al. / Transportation Research Part F 61 (2019) 141–151References
Abdel-Aty, M., Keller, J., and Brady, P. (2005). Analysis of types of crashes at signalized intersections by using complete crash data and tree-based regression.
In Transportation Research Record: Journal of the Transportation Research Board (Vol. 1908, pp. 37–45).
Abdel-Aty, M. A., & Radwan, A. E. (2000). Modeling traffic accident occurrence and involvement. Accident Analysis & Prevention, 32(5), 633–642.
Aduen, P. A., Kofler, M. J., Cox, D. J., Sarver, D. E., & Lunsford, E. (2015). Motor vehicle driving in high incidence psychiatric disability: Comparison of drivers
with ADHD, depression, and no known psychopathology. Journal of Psychiatric Research, 64, 59–66.
Anxiety and Depression Association of America (2016). Adult ADHD (Attention-Deficit/Hyperactivity Disorder). <http://www.adaa.org/understanding-anxiety/
related-illnesses/other-related-conditions/adult-adhd>. Accessed May 10, 2016.
Barkley, R. A. (2004). Driving impairments in teens and adults with attention-deficit/hyperactivity disorder. Psychiatric Clinics of North America, 27(2),
233–260.
Barkley, R. A., Guevremont, D. C., Anastopoulos, A. D., DuPaul, G. J., & Shelton, T. L. (1993). Driving-related risks and outcomes of attention deficit
hyperactivity disorder in adolescents and young adults: A 3- to 5-year follow-up survey. Pediatrics, 92(2), 212.
Barkley, R. A., Murphy, K. R., Dupaul, G. J., & Bush, T. (2002). Driving in young adults with attention deficit hyperactivity disorder: Knowledge, performance,
adverse outcomes, and the role of executive functioning. Journal of the International Neuropsychological Society, 8(05), 655–672.
Beanland, V., Fitzharris, M., Young, K. L., & Lenné, M. G. (2013). Driver inattention and driver distraction in serious casualty crashes: Data from the Australian
National Crash In-depth Study. Accident Analysis & Prevention, 54, 99–107.
Biederman, J., Petty, C., Fried, R., Fontanella, J., Doyle, A. E., Seidman, L. J., & Faraone, S. J. (2006). Impact of psychometrically defined deficits of executive
functioning in adults with attention deficit hyperactivity disorder. The American Journal of Psychiatry, 163(10), 1730–1738.
F.A. Shaw et al. / Transportation Research Part F 61 (2019) 141–151 151Cantin, V., Lavallière, M., Simoneau, M., & Teasdale, N. (2009). Mental workload when driving in a simulator: Effects of age and driving complexity. Accident
Analysis & Prevention, 41(4), 763–771.
Centers for Disease Control and Prevention. Attention-Deficit/Hyperactivity Disorder, Atlanta, GA. <http://www.cdc.gov/ncbddd/adhd/data.html>. Accessed
May 10, 2016.
Cox, D. J., Madaan, V., & Cox, B. S. (2011). Adult attention-deficit/hyperactivity disorder and driving: Why and how to manage it. Current Psychiatry Reports,
13(5), 345–350.
Edquist, J., Horberry, T., Hosking, S., & Johnston, I. (2011). Effects of advertising billboards during simulated driving. Applied Ergonomics, 42(4), 619–626.
Edquist, J., Rudin-Brown, C. M., & Lenné, M. G. (2012). The effects of on-street parking and road environment visual complexity on travel speed and reaction
time. Accident Analysis and Prevention, 45, 759–765.
Fischer, M., Barkley, R. A., Smallish, L., & Fletcher, K. (2007). Hyperactive children as young adults: Driving abilities, safe driving behavior, and adverse
driving outcomes. Accident Analysis & Prevention, 39(1), 94–105.
Getahun, D., Jacobsen, S. J., Fassett, M. J., Chen, W., Demissie, K., & Rhoads, G. G. (2013). Recent trends in childhood attention-deficit/hyperactivity disorder.
JAMA Pediatrics, 167(3), 282–288.
Greenberg, J., & Bloomer, M. (2011). Physical fidelity of driving simulators. In Handbook of driving simulation for engineering, medicine, and psychology. Boca
Raton, FL: CRC Press.
Hadi, M. A., Aruldhas, J., Chow, L.-F., & Wattleworth, J. A. (1995). Estimating safety effects of cross-section design for various highway types using negative
binomial regression. Transportation Research Record, 1500, 169–177.
Jerome, L., Habinski, L., & Segal, A. (2006). Attention-deficit/hyperactivity disorder (ADHD) and driving risk: A review of the literature and a methodological
critique. Current Psychiatry Reports, 8(5), 416–426.
Kaber, D., Zhang, Y., Jin, S., Mosaly, P., & Garner, M. (2012). Effects of hazard exposure and roadway complexity on young and older driver situation
awareness and performance. Transportation Research Part F: Traffic Psychology and Behaviour, 15(5), 600–611.
Karlaftis, M. G., & Golias, I. (2002). Effects of road geometry and traffic volumes on rural roadway accident rates. Accident Analysis & Prevention, 34(3),
357–365.
Leark, R. A., Greenberg, L. M., Kindschi, C. L., Dupuy, T. R., & Hughes, S. J. (2007). T.O.V.A professional manual: Test of variables of attention continuous
performance test. Los Alamitos, CA: The TOVA Company.
Mayhew, D. R., Simpson, H. M., Wood, K. M., Lonero, L., Clinton, K. M., & Johnson, A. G. (2011). On-road and simulated driving: Concurrent and discriminant
validation. Journal of Safety Research, 42(4), 267–275.
Milloy, S. L., & Caird, J. K. (2011). External driver distractions: The effects of video billboards and wind farms on driving performance. In Driving simulation for
engineering, medicine, and psychology. Boca Raton, FL: CRC Press.
Milton, J., & Mannering, F. (1998). The relationship among highway geometrics, traffic-related elements and motor-vehicle accident frequencies.
Transportation, 25(4), 395–413.
Narad, M., Garner, A. A., Brassell, A. A., Saxby, D., Antonini, T. N., O’Brien, K. M., ... Epstein, J. N. (2013). Impact of distraction on the driving performance of
adolescents with and without attention-deficit/hyperactivity disorder. The Journal of the American Medical Association, 167, 933–938.
National Center for Statistics and Analysis (2014). Distracted Driving 2014. Publication Traffic Safety Facts Research Note. Report No. DOT HS 812 260.
National Resource Center on ADHD (2016). ADHD and Driving. <http://www.chadd.org/Understanding-ADHD/For-Adults/Living-with-ADHD-A-Lifespan-
Disorder/ADHD-and-Driving.aspx>. Accessed July 5, 2016.
Neale, V. L., Dingus, T. A., Klauer, S. G., Sudweeks, J., and Goodman, M. (2005). An overview of the 100-car naturalistic study and findings.
Ozturk, O., Ozbay, K. and Yang, H. (2014). Estimating the impact of work zones on highway safety. In Proceedings of the transportation research board 93rd
annual meeting, Washington, D.C.
Ranney, T. A. (2011). Psychological fidelity: Perception of risk. In Handbook of driving simulation for engineering, medicine, and psychology. Boca Raton, FL: CRC
Press.
Regan, M. A., Hallett, C., & Gordon, C. P. (2011). Driver distraction and driver inattention: Definition, relationship and taxonomy. Accident Analysis &
Prevention, 43(5), 1771–1781.
Reimer, B., D’Ambrosio, L. A., Coughlin, J. F., Fried, R., & Biederman, J. (2007). Task-induced fatigue and collisions in adult drivers with attention deficit
hyperactivity disorder. Traffic Injury Prevention, 8(3), 290–299.
Reimer, B., D’Ambrosio, L. A., Gilbert, J., Coughlin, J. F., Biederman, J., Surman, C., ... Aleardi, M. (2005). Behavior differences in drivers with attention deficit
hyperactivity disorder: The driving behavior questionnaire. Accident Analysis & Prevention, 37(6), 996–1004.
Reimer, B., Mehler, B., D’Ambrosio, L. A., & Fried, R. (2010). The impact of distractions on young adult drivers with attention deficit hyperactivity disorder
(ADHD). Accident Analysis & Prevention, 42(3), 842–851.
Rosenbloom, T., & Wultz, B. (2011). Thirty-day self-reported risky driving behaviors of ADHD and non-ADHD drivers. Accident Analysis & Prevention, 43(1),
128–133.
Schiessl, C. (2008). Subjective strain estimation depending on driving manoeuvres and traffic situation. Intelligent Transport Systems, IET, 2(4), 258–265.
Stavrinos, D., Garner, A. A., Franklin, C. A., Johnson, H. D., Welburn, S. C., Griffin, R., ... Fine, P. R. (2015). Distracted driving in teens with and without
attention-deficit/hyperactivity disorder. Journal of Pediatric Nursing, 30(5), e183–e191.
Stinchcombe, A., & Gagnon, S. (2010). Driving in dangerous territory: Complexity and road-characteristics influence attentional demand. Transportation
Research Part F: Traffic Psychology and Behaviour, 13(6), 388–396.
Stutts, J., Knipling, R. R., Pefer, R., Neuman, T. R. and Slack, K. L. (2005). A guide for reducing crashes involving drowsy and distracted drivers. In Guidance for
Implementation of the AASHTO Strategic Highway Safety Plan, No. 14, Washington, D.C.
Stutts, J. C., Reinfurt, D. W., Staplin, L., & Rodgman, E. A. (2001). The role of driver distraction in traffic crashes. Washington, D.C.: AAA Foundation for Traffic
Safety.
Teh, E., Jamson, S., Carsten, O., & Jamson, H. (2014). Temporal fluctuations in driving demand: The effect of traffic complexity on subjective measures of
workload and driving performance. Transportation Research Part F: Traffic Psychology and Behaviour, 22, 207–217.
Ullman, G. L., Finley, M. D., Bryden, J. E., Srinivasan, R., & Council, F. M. (2008). Traffic safety evaluation of nighttime and daytime work zones. Washington, D.C.:
National Cooperative Highway Research Program.
Vaa, T. (2014). ADHD and relative risk of accidents in road traffic: A meta-analysis. Accident Analysis & Prevention, 62, 415–425.
Wallace, B. (2003). Driver distraction by advertising: genuine risk or urban myth? In Proceedings of the institution of civil engineers—municipal engineer (Vol.
156, No. 3, pp. 185–190).
Weiss, G., Hechtman, L., Perlman, T., Hopkins, J., & Wener, A. (1979). Hyperactives as young adults: A controlled prospective ten-year follow-up of 75
children. Archives of General Psychiatry, 36(6), 675–681.
Wilson, F. A., & Stimpson, J. P. (2010). Trends in fatalities from distracted driving in the United States, 1999 to 2008. American Journal of Public Health, 100
(11), 2213–2219.
Young, M. S., Mahfoud, J. M., Stanton, N. A., Salmon, P. M., Jenkins, D. P., & Walker, G. H. (2009). Conflicts of interest: The implications of roadside advertising
for driver attention. Transportation Research Part F: Traffic Psychology and Behaviour, 12(5), 381–388.
